We report the isolation of a mutant of the cellular slime mold Dictyostelium discoideum that is highly resistant to the lethal action of the nonionic detergent Triton X-100. The resistance is completely dependent on the presence of divalent cations, of which Ca2+ is the most effective.
Detergents are a group of lipids that are used to disrupt membrane structure. Although the lipid (5) and protein (7) composition of the membrane can influence the sensitivity of the membrane to detergent solubilization, the primary determinant for solubilization appears to be the detergent/membrane ratio. All biological membranes appear sensitive to detergents. Dictyostelium discoideum is a free-living soil amoeba with a plasma membrane and no cell wall. The membrane is sensitive to a wide spectrum of detergents.
Strain HK320 was originally isolated as a spontaneous mutant resistant to the mitotic inhibitor nocodazole (unpublished data). The nocA320 mutant allele confers resistance to 6.5 ,ug of nocodazole (Aldrich) per ml. Additionally, nocA 320 suppresses the nystatin resistance (manuscript in preparation) of the parental strain HK4 (14) . HK320 was also found to be temperature sensitive for both growth and development. We discovered that HK320 was detergent resistant by observing that amoebae of this strain did not lyse in 0.1% Triton X-100 when suspended in Bonner salt solution (3) . Further examination revealed HK320 to be more than 4 orders of magnitude more resistant to killing than wild type at Triton X-100 concentrations between 0.3 and 0.7% and more than 3 orders of magnitude more resistant at Triton X-100 concentrations of up to 2.0% (Fig.  1A) . At 0.3% Triton X-100, amoebae of HK320 can be suspended for 30 min without a significantly greater loss of viability than is seen after a 1-min incubation.
In the experiments described above, the cells were suspended in Bonner's salt solution (3) . Upon finding that cells of HK320 suspended in distilled water were completely sensitive to Triton X-100, we determined that Ca2+ was the only component of the salt solution needed to produce resistance to the detergent (Table 1) . A Ca2+ concentration of >1 mM will generate maximal resistance to Triton X-100 (Fig. 2) . For the assay, cells were harvested in water, and divalent cations were added to the desired concentration. Cells were allowed to incubate for 2 min in the presence of the divalent cation, after which detergent was added to the desired concentration. Cells remained in the presence of the detergent for 1 min, after which they were immediately diluted 100-fold and plated for viability. In addition, it was found that a very short (<15-s) preincubation in 2.7 mM CaCl2 was sufficient to induce maximal detergent resistance in HK320 (data not shown).
To further characterize the phenomenon, we examined the resistance of HK320 to detergents other than Triton X-100. HK320 was nearly as resistant to Nonidet P-40 as it was to * Corresponding author.
Triton X-100 (Fig. 1B) . We also found detergent concentrations at which the HK320 mutant strain was over 2 orders of magnitude more resistant than wild type to the anionic detergent sodium deoxycholate (Fig. 1C ) and the zwitterionic detergent 3-[(3-cholamidopropyl)-dimethyl-ammoniol-1-propanesulfonate (CHAPS) (Fig. 1D) . In all cases, Ca2+ was necessary for resistance. No increased resistance was seen with sodium dodecyl sulfate (data not shown).
We examined the effect of substituting other divalent cations for Ca2+ by testing Zn2+, Mn2 , and Mg2+ for their ability to promote resistance to Triton X-100. All three promoted resistance but were less effective than Ca2+ (Table  1) . Initially, all divalent cations tested were added in the form of chloride salts. By treating HK320 with 2.7 mM KCl and also with 2.7 mM Ca(NO3)2, we showed that the Clions were not contributing to detergent resistance. HK320 cells treated with KCI showed no increase in detergent resistance, while the same cells treated with Ca(NO3)2 were as resistant to Triton X-100 as cells treated with CaCl2 (Table   1) .
The discovery and characterization of the detergent resistance of HK320 suggested the possibility that detergentresistant mutants could be directly selected. We have been successful in isolating spontaneous mutants resistant to 0.3% Triton X-100, and we are currently characterizing these mutants.
We report here the characterization of a D. discoideum mutant that is highly resistant to detergents. Detergentresistant bacterial mutants have previously been described (12, 13, 15) and limited detergent resistance has been found in certain stumpy-flagellum mutants of Chlamydomonas reinhardtii (6) . To our knowledge this is the first description Effects of varying the Ca2+ concentrations (x axis) on the Triton X-100 resistance of HK320 amoebae. The Triton X-100 concentration was kept constant at 0.3% for all levels of Ca2+ tested. The y axis represents the efficiency of plating (E.O.P.) of detergent-treated amoebae (see Table 1 for definition).
of a mutant in a eucaryotic system that is highly resistant to detergents. The biochemical basis of the detergent resistance is completely unknown, though the absolute requirement for divalent cations, especially Ca2", is striking.
Several kinds of models can be made to account for the divalent-cation-mediated detergent resistance. All start with the assumption that nocA320 causes an alteration in membrane composition. This is not unreasonable, since nocA320 has been shown to suppress nystatin resistance, and nystatin resistance is associated with membrane sterol binding (8) . The models, then, vary, depending on whether the detergent resistance is directly or indirectly the result of the alteration in membrane composition. In the direct model, the membrane itself becomes insensitive to detergent solubilization. It has previously been shown that both fatty acid composition and cholesterol content can affect the sensitivity of liposomes to Triton X-100 (5) and it has also been suggested (7) that protein composition can affect membrane susceptibility to Triton X-100. The role of Ca2" is unclear in this model, although the resistance of the membrane would depend on its presence. Calcium has been shown to afford protection against membrane damage (1, 2, 10, 11) . more, calcium is known to interact with negatively charged phospholipids, and this interaction can influence membrane function (9) .
In the indirect models, Ca2+ plays the critical role in generating the detergent resistance. In the first indirect model, the altered membrane composition allows Ca2`to act extracellularly, in some unknown way, to bring about resistance. In the second indirect model, the altered membrane composition causes a permeability alteration which, under high-Ca2+ conditions, allows greater Ca2+ entry into the cells. This in turn triggers some intracellular event(s) which stabilizes the membrane against the detergent action. The lipocortins, proteins which bind to phospholipids in a calcium-dependent manner, could play a role in such a process (4) . Expenments are currently under way to distinguish between these models. In any case, we believe that detergent-resistant mutants should provide excellent material as genetic probes for future study of detergent-membrane interactions and membrane structure.
